Here, we describe a novel strategy called enzymatic " Mop-Up" that 
INTRODUCTION
Characterization of the behavior of deoxyribonucleoside triphosphate (dNTP) analogs as terminators of DNA syntheses has greatly increased our understanding of DNA polymerases. In general, DNA polymerases show restricted selectivity and specificity for dNTP analogs that have been particularly useful for the development of antiviral compounds. While these analogs potentially have broad use for molecular biology applications, in practice however, large screening assays must be used to identify specific DNA polymerases that show the desired activity. Moreover, the study of 3 ′ -O-modifieddNTPs has been particularly challenging because the starting material for the chemical syntheses of these compounds is the natural 2 ′ -deoxyribonucleoside, which can be carried-over into the chemical phosphorylation step. The subsequent use of chromatography is typically inadequate for the complete removal of the contaminating dNTPs from 3 ′ -O-modified-dNTP synthesis.
Previously, we demonstrated the feasibility of a stepwise DNA sequencing strategy, called the base addition sequencing scheme (BASS), by the synthesis and enzymatic incorporation of 7 different 3 ′ -O-modified-dATPs and 3 ′ -O-methyl-dTTP (3). However, a major obstacle in BASS has been the presence of contaminating natural dNTPs carried over in the chemical synthesis of 3 ′ -Omodified-dNTPs (2, 3) . Although reverse-phase, high-performance liquid chromatography (RP-HPLC) can purify 3 ′ -O-modified-dNTPs ≥ 99.5%, the level of contamination remains sufficiently high that the DNA polymerase selectively incorporates the preferred natural dNTP over the 3 ′ -O-modifieddNTP analog. Incorporation of the natural dNTP at the desired termination base, referred to here as natural-nucleotide read-through, can significantly result in decreased signal intensities and higher background signals in subsequent base addition steps, thus making the interpretation of enzymatic incorporation data more difficult. To overcome this problem, we have developed an enzymatic "Mop-Up" strategy that specifically removes dNTP contamination from RP-HPLC-purified 3 ′ -O-modified-dNTPs.
MATERIALS AND METHODS

Reagents
Nucleotides, Klenow fragment of DNA polymerase I and avian myeloblastosis virus reverse transcriptase (AMV-RT) were purchased from Amersham Pharmacia Biotech (Piscataway, NJ, USA). Bst DNA Polymerase was purchased from Bio-Rad (Hercules, CA, USA). Streptavidin-coated magnetic Dynabeads ® M-280 were purchased from Dynal AS (Oslo, Norway). DNA synthesis reagents were purchased from PE Applied Biosystems (Foster City, CA, USA), except for the biotin phosphoramidite, which was purchased from Glen Research (Sterling, VA, USA). All oligonucleotides were synthesized trityl-on using a Model 394 DNA Synthesizer (PE Applied Biosystems) and purified using Nensorb ™ 20 columns, according to the manufacturer's protocol (NEN Life Science Products, Boston, MA, USA).
Mop-Up Assay
Biotinylated primer (500 pmol) (5 ′ -CAGAGCCAAGGCTCTACCTAGCA -GTGTAAAACGACGGCCAGT-3 ′ ) in 100 µ L of reaction buffer (10 mM TrisHCl, pH 8.5, 10 mM MgCl 2 ) was added to 100 µ L of prewashed streptavidincoated magnetic Dynabeads, incubated for 1 h in 10 mM Tris-HCl, pH 8.5, 10 mM MgCl 2 , 1 M NaCl at ambient temperature and washed twice with reaction buffer by magnetic separation. Five 814BioTechniques
Vol. 25, No. 5 (1998) 26 ACTGGCCGTCG-TTTTACA-3 ′ ) in 100 µ L of reaction buffer were added to the primer-captured beads and annealed by heating to 80°C for 5 min. The reaction was slowly cooled to ambient temperature and washed twice with reaction buffer. Incorporation of the natural nucleotide was performed according to the enzymatic conditions described for Bst DNA polymerase (4 U) or Klenow fragment (10 U) (3) at 65°or 37°C for 1 h, respectively. The mop-up solution containing the 3 ′ -O-modified-dNTP was isolated by magnetic separation and directly used in the incorporation assay. For enzymatic mop-up of dTTP analogs, the following template was used: [5 ′ -(A) 26 CTGGCCGTCGTTTTACA-3 ′ ].
SHORT TECHNICAL REPORTS
RESULTS AND DISCUSSION
Here, the mop-up assay is described by which the contaminating natural nucleotide is enzymatically removed from a 3 ′ -O-modified-dNTP solution by
Vol. 25, No. 5 (1998) DNA synthesis and the extension of a solid-phase bound primer-template complex containing a complement oligo(dN) 5 ′ -end overhang (Figure 1) . The mop-up strategy takes advantage of DNA polymerases that show high affinity for natural nucleotides and minimal specificity for 3 ′ -O-modified-dNTPs by standard-template incorporation assays. Once enzymatic removal of the natural nucleotide is complete, the purified 3 ′ -O-modified-dNTP solution is isolated by magnetic separation and can be directly used for the incorporation assay. Heat inactivation or chemical extraction of the mop-up polymerase can be performed before the template assays, although experiments omitting this step have resulted in similar incorporation data.
To test the capacity of enzymatic mop-up, a range of dATP concentrations (0, 5, 10, 25 and 50 µ M) were tested using BstDNA polymerase as the mop-up enzyme and assayed (final concentrations: 0, 0.25, 0.50, 1.25 and 2.5 µ M, respectively) using AMV-RT for the presence of nucleotide readthrough ( Figure 2 ). Under these conditions, Bst DNA polymerase efficiently mopped-up dATP concentrations between 25 and 50 µ M. Similar results have been obtained for the enzymatic mop-up of dTTP (data not shown). Typically, 3 ′ -O-modified-dNTPs have been evaluated at a final concentration range of 12.5-50 µ M in incorporation assays (References 2 and 3; data not shown), corresponding to a capacity to efficiently mop-up a 2.5%-20% level of natural-nucleotide contamination.
Previously, the incorporation of RP-HPLC purified 3 ′ -O-methyl-dATP by AMV-RT was shown to cause both termination and natural nucleotide readthrough by the oligo-template assay (3) (Figure 3, lanes A) . BstDNA polymerase that was previously shown not to incorporate 3 ′ -O-methyl-dATP (3) was used to selectively remove dATP contamination from an RP-HPLC purified 3 ′ -O-methyl-dATP solution. Following enzymatic mop-up, the incorporation of 3 ′ -O-methyl-dATP by AMV-RT shows complete termination without natural nucleotide read-through (Figure 3, lanes  B) . Klenow fragment has also been used to efficiently mop-up both contaminating dATP from a 3 ′ -O-methyl-dATP so816BioTechniques
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